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(54) Megasonlc plating system 

(57) A plating ceO for electro-less plating of articles, 
for example, semiconductor wafers (74) contained in a 
carrier or "boat* (72), incorporates a megasonic trans- 
ducer (24) in the plating cefl and a rotational drive (80, 
82) supporting the wafer carrier (72) in the plating cell. 
The megasonic transducer (24) applies acoustic energy 
at megasonic frequencies to the solution in the ceU dur- 
ing a plating operation, and the carrier (72) is rotated, 
e.g., at 45 to GO r.pm A rapid drain (68) removes the 
solution from the cell quickly at the end of a plating oper- 



ation. A pair of spray tubes (66) with a series of spray 
nozzles rinses the wafers with de-ionized water. Sparg- 
ers ( 1 6) at the base of the cell inject the plating solution, 
which proceeds generally upwards in a laminar flow, 
and spills over a spillway (18) at the top of the plating 
lank. The spiDway (1 8) comprises a series of triangular 
teeth which avoid waves or turbulence. This arrange- 
ment can also be used for galvanic plating. 
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Description 

This mention relates to wet-process plating ceils 
and equipment, and is more particularly directed to an 
improved plating cell for electroless plating in which s 
megasonic energy is applied to the solution in the plat- 
ing ceH, and in which the workpieces or substrates are 
rotated during the plating process to achieve a uniform 
deposition of the plated material. 

In a typical electroless process, ag., for copper 10 
plating a silicon wafer, the plating solution is circulated 
through the plating cell and a number of siicon wafers 
are held in place in a carrier or boat in the plating cell 
The boat is grooved internally to hold the wafers by their 
edges with a space between them. During the process, is 
the boat and wafers are held still, and the solution circu- 
lates around them. Fresh solution is introduced into the 
plating cell through a sparger, and excess solution spills 
over the top wall into a catch. The solution is then pped 
back to a fluid conditioning tank, where the solution isftV so 
tered and its tenrperature is adjusted. Fresh chemicals 
are added, according to the dictates of the process 
chemistry. Then the solution is returned to the sparger. 
Irregularities and rnhomogenerties are inevitable in the 
flow path of the fluid past the workpieces. These can ss 
lead to high or low spots in the copper plating. However, 
for precision high-density semiconductor work, extreme 
flatness is needed in each plating layer, including any 
copper or other metallic layers. 

Megasonics have been employed in connection so 
with semiconductor wafer processing, but onfy in con- 
nection with cleaning of the wafers prior to plating or 
etching. Several megasonic devices have been pro- 
posed for this purpose, and some of these have been 
made the subject of US. patents. ss 

Shwartzman et al. US. Pat Na 4,118.649 relates 
to a transducer assembly for producing acoustic energy 
at megasonic frequencies, Le., from about 0.2 MHz to 
about 5 MHz. and applying the megasonic energy to a 
cleaning tank. Gukfi et al. U& Pat Na 5.520,205 and *o 
Bran US. Pat Na 5,365.960 each relate to a 
megasonic leaning assembly for cleaning serntconAjc- 
tor wafers in a cleaning tank. The wafers are held on a 
carrier or boat in the cleaning tank. In each case, the 
megasonic energy is used to loosen material from the 45 
surface of the wafers, and it apparently dd not occur to 
any of the inventors involved with the above-mentioned 
patents to apply megasonic energy for the opposite pur- 
pose, namely, to assist in depositing m 
face of the wafers. so 

In addition, in each instance of megasonic cleaning, 
the carrier or boat is held static in the cleaning tank dur- 
ing a megasonic cleaning operation. 

In a metal plating technique, whether galvanic or 
electroless, flow regime for the plating solution within ss 
the tank or cell is crucial for successful operation. Flow 
regime is affected by such factors as tank design, fluid 
movement within the process vessel, dstrbution of fluid 



within the vessel and at the zone of introduction of the 
solution into the vessel, and the uniformity of flow of the 
fluid as it is contacts and flows across the wafer or other 
substrate However, optimal sparger design can only 
achieve a limited increase in flatness of metallization, 
because of other factors affecting the flow, especially 
within the confines of the boat or carrier. 

It is an object of the this invention to improve the 
flow regime of a plating cell, and in particular to permit 
the plating process to achieve coatings of high uniform- 
ity aaoss the surface of a substrate. 

ft is a further object to improve a plating process by 
applying megasonic energy to the plating solution in the 
cell during a plating operation, which can be galvanic or 
electroless.0 

ft is another object to improve the plating process 
by rotating the carrier and substrates within it during the 
plating process. 

In accordance wifti one aspect of the present inven- 
tion, an electro-less plating cell is provided for plating 
one or more substrates, ag.. sificon wafers, with a metal 
layer. A sparger or equivalent injection means intro- 
duces the electroless plating solution into tie plating 
cell, in which tie substrate to be plated is submerged in 
the solution. The 6parger initiates a laminar flow of the 
plating solution, which flows across the surface of the 
substrate to be plated, and then rises up and spite over 
a spifway into a catch basin or the Gka From here, the 
solution is returned for refreshing, filtration, and temper- 
ature management A megasonic transducer adjacent 
the floor of the plating ceD applies megasonic energy at 
a frequency of about 0.2 to 5 MHz to the solution The 
frequency can be above 1 MHz, and in some cases 
above 5 MHz. 

The flow regime is further improved by rotating tie 
silicon wafers. This is achieved by placing the carrier or 
boat on a rotary mount that rotates, ag. at 45 - 50 RPM. 
This arrangement avoids regions of dead flow within the 
carrier, and results in uniformity of the metallization 
thickness and quality. 

The plating arrangement can also include a rapid 
drain feature for removing the solution within a few sec- 
onds from the plating cell at tie end of a plating opera- 
tion. This can comprise a large drain tube, ag., one- 
and-one-half inch diameter, opening to the bottom of the 
plating cell. In addition, an overhead rinse arrangement 
comprises a pair of paraflel tubes with sprinkler nozzles 
or heads disposed along their length. These features 
combine to terminate tie plating operation rapidly when 
the plating operation has reached completion. 

The plating arrangement for wet plating a substrate, 
comprises a plating cell that contains a solution in which 
the substrate is immersed; sparger means in the plating 
cell adapted to introduce the solution into the ceO; spill- 
over means on the cell that permits the solution to spill 
over from the ceD into a fluid return that is adapted to 
carry away the solution from the cell; carrier means for 
holding the substrate in the ceH below the spfllover 
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means; fluid conditioning means copied between the 
return and the sparger means to remove any particulate 
matter from the solution, condition the solution, and 
return the solution through a conduit to said sparger 
means; rotary means disposed in said bath and holding 
the carrier to rotate said carrier about an axis thereof; 
and megasonic transducer means in communication 
with the plating cefl for applying to the solution in the cell 
acoustic energy at a megasonic frequency. In one pre- 
ferred embodiment, an electro! ess plating system 
serves as the plating solution, and the fluid conditioning 
means includes make up means for adding electroJess 
plating ingredents to the plating system to keep the 
plating solution properly in balance. Preferably the spill- 
over means on the plating cell includes a succession of 
triangular teeth disposed along an upper edge of said 
plating cell. The triangular teeth may continue along the 
entire periphery of said upper edge of the plating celL 

The wafer carrier boat has a series of grooves for 
hokfing a plurafty of substrate disks spaced from one 
anotfier. A hinged lid closes ever the top to retain the 
substrate disks in the carrier boat even when inverted. 
The carrier boat can be rotated continuously or can be 
rocked back and forth over a rotational arc for example 
less than 360 degrees. 

The above and other objects, features, and advan- 
tages of the invention may become apparent from the 
ensuing description of a preferred embodiment thereof; 
which should be read in conjunction with the accompa- 
nying drawings, in which: 

Fig. 1, formed of Figs. 1A and 1B, is a schematic 
diagram of a plating cell and reservoir assembly 
according to one embodiment of the present inven- 
tion. 

Figs. 2 and 3 are a front elevation and a perspective 
view, respectively, of the plating cell illustrating the 
megasonic transducer and rotation feature, accord- 
ing to tfus embodiment of the invention. 

With reference to Figs. 1 to 3 of the drawings, an 
electroless plating assembly 10 for metallizing siDcon 
wafers or similar articles is shown to comprise a plating 
cell 12, formed of a suitable chemically neutral material, 
e.g. polypropylene. The cell has a generally rectangular 
tank 1 4 with an open top and with a sparger or spargers 
16 disposed at the bottom. The spargers generate a 
generally laminar, upward flow of liquid in the tank 14. 
The solution spills out over a spillway 18 formed at the 
top of the tank 14. The spillway comprises a row of tri- 
angular serrations or teeth which extend ever the entire 
upper periphery of the tank. An annular catch or trough 
20 surrounds the spillway 1 8 and tank 1 4, to receive the 
flow of solution escaping over the spillway. There is at 
least one drain tube 22 positioned on the catch 20. 

A generally rectangular, elongated transducer 24 is 
situated in the base or bottom of the tank 14 at about the 
center and extending from a front end to a rear end. 
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This transducer 24 is adapted for generating megasonic 
acoustic energy which is applied to the solution within 
the tank 14. A variable frequency generator 26 applies 
an A.C. signal to the transducer 24 at a frequency in the 

s megasonic range, that is, between about 200 KHz and 
about 5 MHz. The generator 26 can apply a steady sig- 
nal at a single frequency a signal that alternates 
between two frequencies, or a signal that sweeps 
across a broad band of frequencies, depending on the 

70 plating process. There is also a nitrogen purge supply 
for applying nitrogen gas to the transducer. 

A reservoir or solution holding tank 30 holds a sup- 
ply of the electro-less plating solution, and a supply Gne 
32 leads from the tank 30. A pump 34 propels the soiu- 

75 tion through the line 32, through a particle trap 36 and a 
solenoid valve 38, to a feed line 40 that supplies fresh 
solution to the spargers 1 6. At a three-way valve 42 con- 
nected to the drain 22, a return fine 44 returns the solu- 
tion from the plating cell 12 to the reservoir tokfng tank 

20 30. 

At Ihe tank 30, a temperature sensor 46 senses the 
temperature of the solution and signals a t e mperature 
controier 48. The controller operates a heat supply 50 
that sends heat at a controlled rate to a heat exchanger 
25 coil 52 within the holding tank 30. The controier also 
operates a cooling system 54, which supplies a coolant 
fluid to a cooing heat exchanger coQ 56 within the tank 
30. A first make-up injector means 58 and a second 
make-up injector means 59 blend in additive compo- 
st? nents A and B, respectively, into the solution in the tank 
30, as needed. The solution in the tank 30 is thus kept 
at a controlled temperature and blend, and is filtered 
before being returned, through the spargers 1 6, into the 
tank 14. 

35 A deionized water source 60 is coupled to a partfo- 
ulate trap 62 and then to a feed line 64 to supply de-ion- 
ized water to a pair of spray tubes 66. These spray 
tubes 66 are positioned above the top of the tank 14 and 
are in parallel with each other on either side of the axis 

40 of the tank 14. The spray tubes 66 are each provided 
with a row of spray nozzles or outlets along the length of 
the tubes 66. 

As shown in Fig. 2, the spargers 16 each have a 
row of through holes parallel to one another and ori- 

45 ented generally towards the axis of the tank 14, so as to 
generate a generally laminar flow of the solution. Here, 
the spargers have a single row of holes but in practice 
there could be two or more parallel rows. 

The cell 12, reservoir 30, and various pipes and 

so lines are formed of polypropylene, or of another suitable 
corrosion-resistant material. The material should also 
be selected to be easy to dean after an electroless plat- 
ing operation. 

A rapid drain 68 is disposed at the bottom of the 

55 plating tank 14 for rapidly draining the solution from the 
tank at the end of a plating operation. This can be a pipe 
of relatively large cfiameter, here about one andone-haff 
inches (that is, 3.25 centimeters), so that all of the Squid 
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in the tank can be drained away in a few seconds. The 
drain 68 connects to a three-way valve 70, leading alter- 
natively to a common drain and to the return conduit 44. 

Within the tank 14 is positioned a carrier 72 or 
"boat" for holding a series of workpieces, which in this 
erribocfiment are semiconductor wafers 74 in the form of 
disks. The carrier is open at its top, and has a series of 
grooves such that the wafers can be positioned in 
spaced relation and held in place by their edges. The 
carrier 72 is open over much of Hs body, to permit sub- 
stantially free flow of liquids past the wafers 74. A clo- 
sure 76 is provided, hinged at one side of the carrier 72, 
to hold the wafers 74 in place when the carrier is 
inverted. The closure 76 has a central grooved bar that 
fits the edges of the wafers. 

Rotary means 80 are fitted onto the ceO 12, here 
shown as a rotary dive with a belt connected to a shaft 
82 that passes through sealed bearings in the walls of 
the cell 1 4 and catch 20. There is a front claw or gripper 
84 on the shaft 82, and this p/ipper grips and holds the 
carrier or boat 72 at its front end. A rear claw or gripper, 
pivotalry joumalled in the rear wall of the cell 12, sirri- 
larty grf>s the rear end of the carrier 72. The specific 
conf iguratkxi of the daws 84, 86 and the rotary drive 80 
is not critical to this invention, and these means can be 
adapted to the specific application and to match the 
associated carrier. Alternatively, the rotary means 80 
can be fluid powered using the solution flow to the 
spargers. 

The rolary means 80 is here adapted for continuous 
rotary operation, i.e, to rotate the carrier 72 and its 
wafers 84 at about 45 to 60 rpm However, the rotary 
means could be adapted to a different rotation speed, 
as necessary to the partioJar plating operation. As an 
alternative, the rotary means could be adapted to rotate 
partially, or rock the carrier 72 through a limited arc, 
e.g., 90 degrees to 120 degrees. 

The plating arrangement as shown here can be 
used for electroless plating of copper onto silicon 
wafers, but the arrangement is not limited to thai This 
invention can be employed for depositing other metals, 
or even composites or non-metals, onto substrates of 
silicon or other materials. 

The operation of this plating arrangement 10 can be 
described briefly as follows. The disks or wafers 74 are 
arranged in the respective slots in the carrier or boat 82, 
and are subjected to any necessary preparatory steps, 
e.g., a cleaning operation. The latter may also employ 
megasonics, as in the above-identified patents. Then 
the carrier 72 is placed in the tank 14 and is secured 
between the front and rear claws 84 and 86. A fid or 
cover 90 (Fig. 2) is then secured over the top of the 
process cell 12. The electroless plating solution is sup- 
plied from the reservoir 30 to the spargers 16 and is 
introduced into the tank 14, which fflls to the level of the 
saw-tooth spfflway 1 8. The solution is suppGed continu- 
ously, so that there is a continuous upward flow of the 
solution through and past the wafers 74. The process 



continues for a prescribed length of time. During ftfe 
time, the frequency generator 26 supplies a megasonic 
signal to the transducer 24, which creates megasonic 
waves in the solution in the tank. The rotary means 80 

s rotates the carrier 72 about Hs linear axis at a suitable 
speed, ag. 45 R.P.M. These effects combine to create a 
plated copper layer of uniform thickness and quality on 
each of the wafers 74. 

At the end of the plating period, the megasonic 

10 transducer is tuned off, and the supply Gne is turned off 
to stop the supply of fresh solution to the spargers 16. 
Valve 70 is opened to drain away the solution through 
the rapid drain 68. At this time, the valve sends the solu- 
tion to the reservoir 30 via the lane 44. The contents of 

75 the tank 14 are drained out in a few seconds. Then the 
de-ionized water supply is turned on, and the tubes 66 
spray clean, de-ionized water onto the wafers 74. This 
action rinses any residual plating solution from the 
wafers. The rinse water then proceeds out the drain 68 

20 to the valve 70 which is now switched to the common 
drain. Then the boat or carrier 74 is removed, and the 
wafers are subjected to the next process step. 

It should be appreciated that the reservoir 30 and 
associated process management equipment can be 

25 employed in common with a number of plating cells. In 
addition, the plating ceD 12 can be connect e d to a 
number of plating reservoirs, each containing a different 
plating solution associated with different process steps. 
This technique can be used with both electroless plating 

30 and electrolytic (galvanic) plating. It is possHe to carry 
out electroless and electrolytic plating steps in the same 
plating ceD. 

Claims 

35 

1. AplatingaiTangement for wet plating asubstrate, 
in which a plating ceH (12,14) contains a solution; 
said substrate (74) being immersed therein; a 
sparger (16) in the plating cell introduces the solu- 

40 lion into the cell (12); a spQIover (18) on said ceH 
permits the solution to spill over from the eel into a 
fluid return (20) that is carries away the solution 
from the cell; a carrier (72) holds the substrate in 
the cell below the spillover (18); fluid concfitioning 

45 equpment (32, 34, 36) coupled between the return 
(20) and the sparger (16) removes any particulate 
matter from the solution, concfitions the solution, 
and returns the solution through a conduit (32, 40) 
to said sparger (16); characterized in that a rotary 

so mount (80, 82, 84, 86) cfisposed in said bath holds 
said carrier (72) and rotates the sane about an axis 
thereof; and in that a megasonic transducer (24) in 
communication with the plating cell (12) appfies to 
the solution in sod cell acoustic energy at a 

£5 megasonic frequency. 

2. The plating arrangement of Claim 1 further char- 
acterized in that the plating cell (12) is adapted for 
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plating the substrate with a metal layer, employing 
an eJectroless plating system as the plating solu- 
tion, and the fluid concf tioning means includes fluid 
make up (58, 60) for adding electroless plating 
ingredients to said plating system to keep the plat- 5 
ing solution properly in balance. 

3. The plating arrangement of Claim 1 or 2 further 
characterized in that the spillover (18) includes a 
succession of triangular teeth tisposed along an io 
upper edge of the plating cell. 

4. The plating arrangement of Claim 3 further char- 
acterized in that the triangular teeth are disposed 
continuously along an entire periphery of sad is 
upper edge of the plating cefl (14). 

5. The plating arrangement of any of the previous 
Claims further characterized in that the carrier (72) 
includes a wafer carrier boat having a series of 20 
grooves for holding a plurality of substrate disks 
(74) separated from one another, and which has an 
open top; and a closure (76) closing ever said top to 
retain said substrate disks (74) in said carrier boat 
when the carrier is inverted. 25 

6. The plating arrangement of any of the previous 
Claims further characterized in that said rotary 
holder includes an arrangement (80, 82) for contin- 
uously rotating sad carrier (72) in said cell during a 30 
plating operation. 

7. The plating arrangement of any of the Claims 1 to 
5 further characterized in that said rotary holder 
includes means (80, 82) for rocking said carrier (72) ss 
in said ceB during a plating operation. 

8. The plating arrangement of any of the preceding 
Claims characterized in that said megasonic trans- 
ducer (24) includes an elongated transducer mem- 40 
ber disposed at a base of said cefl (12) and parallel 

to the axis of said carrier (72). 

9. The plating arrangement of any of the preceding 
Claims characterized in that said megasonic fre- 45 
quency is about 500 KHz or above. 

1 0. The plating arrangement of any of the preced- 
ing Claims further characterized in that said cell 
(12) includes a rapid drain arrangement (68) for so 
draining the solution from said cell (12) within a 
drain period of about ten seconds or less. 

11. The plating arrangement of Claim 10 further 
characterized in that said rapid drain includes a ss 
drain pipe (68) having a cfiameter of at least about 
3.25 centimeters. 



13. The plating arrangement of any of the preced- 
ing Claims furtfier characterized in that a rinse tube 
(66) is disposed above said plating cell (14) for 
spraying said substrates with a rinsing fluid. 

14. The plating arrangement of Claim 13 wherein 
said rinse means includes at least one spray mech- 
anism disposed above said carrier h said cell, and 
means supplying said spray mechanism with said 
rinsing fluid. 

15. A plating arrangement for wet plating a sub- 
strate, wherein a plating ceO (12) contains a solu- 
tion with said substrate being immersed therein; a 
sparger (16) in the plating cefl introduces the solu- 
tion into the cell; a spiflover (18) on the cefl permits 
the solution to spfll ever from the cell into a fluid 
return (20) to carry away the solution from the ceil 
(12, 14); a substrate carrier (72) holds the substrate 
In the eel below the spillover; fluid conditioning 
equipment coupled between the return (20) and tie 
sparger (16) removes any particulate matter from 
the solution, conditions the solution, and returns the 
solution through a conduit (32, 40) to the sparger 
(16); and characterized in that a rotary mount (80, 
82, 84, 86) disposed in the bath holds said carrier 
(72) to rotate the same about an axis thereof during 
a plating operation. 

16. A plating arrangement for wet plating a sub- 
strate, wherein a plating cefl (12) contains a solu- 
tion with said substrate being immersed therein; a 
sparger (16) in the plating cell (12) introduces the 
solution into the ceO; a spillover (18) on the cell per- 
mits the solution to spin ever from the cefl into a fluid 
return (20) that carries away the solution from the 
cell; a substrate carrier (72) holds the substrate in 
the cell below the spillover; fluid conditioning equip- 
ment coupled between the return (20) and the 
sparger (16) removes any particulate matter from 
said solution, conditions the solution, and returns 
the solution through a conduit to the sparger (16); a 
substrate earner holder (84, 86) is disposed in said 
bath and holds the carrier (72) in said cell; and 
characterized in that a megasonic transducer (24) 
in communication with the plating cell (12, 14) 
applies to the solution in said ceil acoustic energy at 
a megasonic frequency. 
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